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(57) ABSTRACT

In one embodiment, an IR drop analysis methodology may
include characterizing standard cells without including
power parasitic impedances, extracting the power parasitic
impedances for the standard cells, and characterizing the
standard cells with the power parasitic impedances. A set of
timing parameters (such as minimum delays and maximum
delays through the cells) may be generated from each char-
acterization. The methodology may include comparing the
timing parameters from each characterization, and 1dentify-
ing cells for which additional design effort should be
expended to improve the power supply grid (e.g. to reduce the
power parasitic impedances). For example, a margin may be
budgeted for speed loss (delay increase) due to IR drop. If the
difference 1n the timing parameters exceeds the margin, addi-
tional design effort may be warranted.

20 Claims, 3 Drawing Sheets
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IR(VOLTAGE) DROP ANALYSIS IN
INTEGRATED CIRCUIT TIMING

BACKGROUND

1. Field of the Invention
This mvention 1s related to the field of timing methodolo-
gies for mntegrated circuit development and, more particu-

larly, to measuring IR drop on power supply 1nterconnect.

2. Description of the Related Art

The design of an integrated circuit, from concept to “tape
out” (1.e. the transmission of the data describing the integrated
circuit to the fabrication foundry), 1s a complex series of
parallel, interdependent processes such as logic design, cir-
cuit design, synthesis, timing analysis, place and route, veri-
fication, etc. To successtully fabricate an integrated circuit
that performs as specified, all of the various processes must be
completed as accurately as possible.

Many mtegrated circuit design methodologies rely on syn-
thesis using “standard cell” circuits for significant portions of
the design. A standard cell may be a predesigned circuit
(including layout and interconnection of the transistors used
to form the circuit). The standard cell may be instantiated in
the imtegrated circuit and connected to other instantiations of
standard cells to implement a block described 1n a hardware
design language (HDL). The same standard cell may be
instantiated as many times as desired to realize various func-
tionality 1n the blocks that form an integrated circuit. Stan-
dard cells may be more brietly referred to herein as “cells.”
Typically, a library of standard cells are designed and pro-
vided for synthesis. The library can include a variety of logic
gates and somewhat more complex functions that are
expected to occur frequently in the design. Multiple cells may
be defined for a given function, with each cell having a dii-
terent drive strength. The multiple cells provide the ability to
trade off size for speed 1n the synthesis step.

One of the challenges with standard cells 1s the correct
determination of delay in the cells under various operating
conditions. The delays are used for timing analysis, and thus
must be as accurate as possible (and conservative where accu-
racy might be questionable). For example, a maximum delay
parameter for a standard cell must be at least as large as the
actual delay of the corresponding circuitry after fabrication
(or larger). If the maximum delay parameter were shorter than
the actual delay, the block would appear to meet timing during,
the design but would fail to operate properly when fabricated.

One of the factors that affect the timing of standard cells 1s
the amount of voltage drop on power and ground connections
in the cell. The voltage drop 1s the result of resistance 1n
power/ground network and the combined current of all tran-
sistors 1n the cell drawing current on the grid at any particular
time. Accordingly, the drop 1s often referred to as the IR drop
(current (I) multiplied by resistance (R)). To ensure IR drop 1s
within the allocated IR budget for timing analysis, industry
standard IR analysis tools are often used. For standard cells,
static peak IR flow 1s used. Static peak IR flow assumes the
worst case scenario of all transistors 1n the entire cell being
turned on at the same time. This approach 1s too pessimistic in
many cells. For example, 1n complex or multiple stage cells,
static peak IR flow 1s overly pessimistic because timing dif-
terences between stages are not taken into account. In another
example, 1f transistors within the cell are separated by invert-
ing logic, the transistors and nets separated by inverting

stages are mutually exclusive.
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power parasitic impedances (e.g. parasitic resistance and
parasitic capacitance), extracting the power parasitic imped-
ances for the standard cells, and characterizing the standard
cells with the power parasitic impedances. A set of timing
parameters (such as minimum delays and maximum delays
through the cells) may be generated from each characteriza-
tion. The methodology may include comparing the timing
parameters from each characterization, and identifying cells
for which additional design effort should be expended to
improve the power supply grid (e.g. to reduce the power
parasitic impedances). For example, a margin may be bud-
geted for speed loss (delay increase) due to IR drop. If the
difference 1n the timing parameters exceeds the margin, addi-
tional design effort may be warranted.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description makes reference to the
accompanying drawings, which are now briefly described.

FIG. 1 1s a circuit diagram of one embodiment of a cell
without power parasitics.

FIG. 2 1s a circuit diagram of one embodiment of the cell
shown 1n FIG. 1 with power parasitics.

FIG. 3 1s a flowchart illustrating operation of one embodi-
ment of IR drop measurement and analysis.

FIG. 41s ablock diagram of one embodiment of a computer
accessible storage medium.

FIG. S1sablock diagram of one embodiment of a computer
system.

While the invention 1s susceptible to various modifications
and alternative forms, specific embodiments thereof are
shown by way of example 1n the drawings and will herein be
described in detail. It should be understood, however, that the
drawings and detailed description thereto are not intended to
limait the invention to the particular form disclosed, but on the
contrary, the intention 1s to cover all modifications, equiva-
lents and alternatives falling within the spirit and scope of the
present invention as defined by the appended claims. The
headings used herein are for organizational purposes only and
are not meant to be used to limit the scope of the description.
As used throughout this application, the word “may” 1s used
1n a permissive sense (1.€., meaning having the potential to),
rather than the mandatory sense (1.e., meaning must). Simi-
larly, the words “include”, “mcludlng , and “includes” mean
including, but not limited to.

Various units, circuits, or other components may be
described as “configured to” perform a task or tasks. In such
contexts, “configured to” 1s a broad recitation of structure
generally meaming “having circuitry that” performs the task
or tasks during operation. As such, the unit/circuit/component
can be configured to perform the task even when the unait/
circuit/component 1s not currently on. In general, the circuitry
that forms the structure corresponding to “configured to” may
include hardware circuits. Similarly, various units/circuits/
components may be described as performing a task or tasks,
for convenience 1n the description. Such descriptions should
be interpreted as including the phrase “configured to.” Recit-
ing a unit/circuit/component that 1s configured to perform one
or more tasks 1s expressly intended not to invoke 35 U.S.C.
§112, paragraph six interpretation for that unit/circuit/com-
ponent.

DETAILED DESCRIPTION OF

EMBODIMENTS

Overview of Standard Cell Circuits
Turnming now to FIGS. 1 and 2, an exemplary standard cell
circuit 10 that excludes power parasitic impedances (FIG. 1)
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and that includes the power parasitic impedances (FIG. 2) are
shown. The exemplary cell 10 1s merely one embodiment, and
numerous other embodiments of standard cell circuits may be
used. The cell 10 may be one standard cell defined 1n a library
of standard cells, for example.

As shown 1n FIG. 1, the cell 10 includes various transistors
T1 to T6. The transistors T1, T3, and T6 are p-type metal-
oxide-semiconductor (PMOS) transistors and the transistors
12, T4, and T5 are n-type MOS (NMOS) transistors. The
transistors 11 and T2 form an inverter coupled between the
power supplies V,, and V.. (e.g. power and ground). The
transistors T1 and T2 have gate terminals connected to an
input to the cell 10. The connection point for the input 1s
illustrated as a via 12 which may provide connection between
the gate terminals (e.g. ata poly-silicon layer of the integrated
circuit that employs the cell 10) and a wiring layer at which
connections may be made (e.g. metal layer 3, where metal
layers 1 and 2 may be used for interconnect local to the cell
10).

Similarly, the power supply interconnect (e.g. wires 14 1n
FIG. 1) may be provided through wiring layers and thus there
may be vias (e.g. vias 16 and 18 respectively) to connect the
power supply interconnect to the transistors T1 and T2. While
wires 14 are illustrated 1n FIG. 1, there may be a grid of wires
in both horizontal and vertical directions to distribute power/
ground 1n the cell and among cells. There may also be vias
from the wires 14 to connect to the “global” V,,/V .. (e.g.
vias 20, 22, 24, 26, 28, 30, 32, and 34 in FIG. 1). The global
V'V may be the chip-wide V,, and V ., respectively,
that 1s supplied on V,,,/V .. pins to the integrated circuit.
Generally, a via may be a conductive connection through an
insulating layer that separates two metal layers. Conductors
(e.g. wires) 1n the metal layers may be connected by the vias
to form connections between various circuit elements formed
on the mtegrated circuit substrate.

The output of the inverter formed by the transistors T1 and
12 (1.e. the node to which the drains of the transistors 11 and
12 are connected) 1s coupled to the gate terminals of the
transistors T3 and T4. Accordingly, the interconnect between
the transistors T1-T4 may be part of the local interconnect
within the cell 10. The interconnection between the transis-
tors T1-T4 may be implemented, e.g., at the poly layer, the
metal 1 layer, the metal 2 layer, or any combination thereof.
Another input (not shown 1n FIG. 1) may be coupled to the
gate terminals of the transistors TS and 'T6. Vias 36, 38, and 40
may connect the transistors 13, T6, and T3, respectively, to
the wires 14 as shown 1n FIG. 1. An output of the cell 10 may
be provide through the via 42.

Various resistors and capacitors shown in FIG. 1 may rep-
resent parasitic resistance and capacitance in the cell 10.
Generally, parasitic resistance and capacitance may be prop-
erties of the interconnect and the neighboring circuitry, rather
than explicit components of the circuit. Thus, for example, the
resistance may be a function of the length of the wire and
other characteristics (e.g. the material from which the wire 1s
tabricated, width and height of the wire, etc.). The capaci-
tance may be a function of the wire, the insulator between the
wire and the substrate or other wires, the presence and prox-
imity of other wires, etc. While resistance and capacitance are
shown, other parasitic impedances may also be present (e.g.
inductance), although present technologies are typically sul-
ficiently characterized by parasitic resistance and capaci-
tance.

The parasitic impedances illustrated 1n FIG. 1 are on the
signal interconnect in the cell 10. Thus, these parasitic imped-
ances may be referred to as signal parasitic impedances or,
more brietly, signal parasitics. The signals 1n a cell may be

10

15

20

25

30

35

40

45

50

55

60

65

4

anything other than the supply connections (V55 and Vo).
There may also be parasitic impedances on the power supply
wires 14 and the various vias 16, 18, 20,22, 24, 26, 28, 30, 32,
and 34 that connect the power supply wires 14 and/or global
power supply grid to the transistors 1n the cell 10, and these
parasitic impedances may be referred to as power parasitic
impedances (or more briefly, power parasitics).

Ideal voltage sources 44 are shown 1n FIG. 1 as well (where
the V .. source 1s 1llustrated as a ground 1n this example). The
ideal sources 44 may provide V ,, and V.. voltages on the
wires 14, which are presumed to be free of parasitic imped-
ance 1n FIG. 1 (along with the corresponding vias 16, 18, 20,
22, 24, 26, 28, 30, 32, and 34). A model that represents the
combination of the cell 10 and the i1deal sources 44 may be
generated for a circuit sitmulator. For example, various circuit
simulators that are compatible with the Stmulation Program
with Integrated Circuit Emphasis (SPICE) format may be
used to simulate the model, and the model may be expressed
in SPICE format. Because the wires 14 and vias 16, 18, 20, 22,
24, 26, 28, 30, 32, and 34 are impedance iree, the location of
the sources 44 1s not important to the operation of the model.
Indeed, the same source 44 may be used for the V ,, wires 14
if only one magnitude ot V ,, 1s provided 1n the cell 10, and
one source 44 may be used for the V .. wires.

An 1deal voltage source may be a voltage source that has
zero 1mpedance and infinite current capability, in one
embodiment. While actual voltage sources cannot achieve the
1ideal, various design techniques may be used to reduce source
impedances and increase current capabilities to levels that
approximate the ideal for the loads that are experienced 1n a
given circuit.

It 1s noted that, while the parasitic capacitances are 1llus-
trated 1n FIG. 1 as being connected between various nodes
and ground, it 1s also possible to have parasitic capacitance
between two nodes. In some cases, such parasitic capaci-
tances can be modeled as capacitances on each node that are
connected to ground. In other case, the capacitance may be
modeled as connected between the two nodes.

As mentioned above, FIG. 2 illustrates an embodiment of
the cell 10 that includes power parasitics. Accordingly, a
variety ol resistances are illustrated on the wires 14, effec-
tively dividing the wires into multiple segments. The location
ol the voltage sources along the wires 14 may thus have an
impact on the operation of the circuit because of the IR drop
that occurs through the power parasitics. In FIG. 2, 1deal
sources 44 are connected to each of the vias 20, 22, 24, 26, 28,
30, 32, and 34 to simulate connection of the cell 10 to the
global supply grid. However, current flow from these vias to
the transistors (e.g. through the power parasitics and the vias
16, 18, 36, 38, and 40) may generate IR drop, and thus the
voltage actually experienced at the transistors may be lower
than the supply voltage. The etfects of the IR drop may vary,
but generally slow down the operation of the circuit and result
in longer delays from 1nputs to outputs of the circuit.

IR Drop Methodology

The effects of IR drop on the timing of the cell 10 may be
measured using simulations of the models 1llustrated 1n FIGS.
1 and 2. The model 1n FIG. 1 may be simulated, for example,
and delays through the cell 10 from, e.g., the input 12 to the
output 42 may be measured based on the simulations. More
particularly, a characterization tool may be used to character-
1ze the behavior of the cell 10 over multiple simulations with
different inputs (both input levels and transition rates, or slew
rates, between input levels). The simulations may also be
performed over various temperature conditions and/or tran-
sistor properties (reflecting various fabrication process con-
ditions, for example). The characterization tool may be con-
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figured to identify an exhaustive set of 1nputs (levels, slew
rates, and temporal separation between input changes) and
circuit states to properly determine operation of the circuit.
The characterization over the exhaustive set of inputs may
permit each potentlal timing path through the cell 10 to be
checked for excessive IR drop clfects.

From the results of the simulations, the characterization
tool may establish various timing parameters for the cell 10.
The timing parameters may include, for example, delay
parameters describing the delay from a transition on each
input to a corresponding transition on the output. The delay
parameters may include intrinsic delay, as well as additional
delay dependent on the slew rate of the mnput signal. There
may be minimum delay (MinDelay) and maximum delay
(MaxDelay) parameters for the cell 10 as a whole and/or for
cach mput to each output. The MinDelay may be the shortest
delay for a given 1input to the output over all the characteriza-
tion simulations. Similarly, the MaxDelay may be the longest
delay for the given mput to the output over all the character-
1zation simulations.

To measure the effect of IR drop on the cell 10, the char-
acterization results of the cell 10 from FIGS. 1 and 2 may be
compared. More particularly, the difference in each timing
parameter from the characterization of the cell without the
power parasitics (FIG. 1) and the corresponding timing
parameter irom the characterization of the cell with the power
parasitics (FIG. 2) may specily the effects of the IR drop.

If the difference 1n timing parameters 1s large enough, the
IR drop may be having too much of an effect on the pertor-
mance of the cell 10 and 1t may be desirable to expend addi-
tional design effort on the design of the cell 10 to improve
performance.

Specifically, the supply grids may be modified to reduce
parasitic elfects (e.g. widening wires, mserting more connec-
tions to the global supply grids, etc.). In one embodiment, a
margin may be added to the power-parasitic-free delays to
account for IR drop effects. That 1s, the margin may represent
the amount of timing variation budgeted for IR drop effects
due to the power parasitics. The modified delays including the
margin may be used in timing analysis, for example. If the
difference 1 a given timing parameter 1s larger than the
margin, then the difference may be viewed as “large enough™
to 1dentity the cell for improvement/refinement. Other
embodiments may implement other thresholds for when a
cell’s IR drop 1s large enough (e.g. a percentage of the supply
voltage, a maximum absolute value of the drop, a minimum
supply voltage, etc.).

The cell 10 as 1llustrated 1n FIGS. 1 and 2 highlights inac-
curacies that would be introduced 1f static peak IR analysis
were used. The transistors T1 and T2 may be activated first in
response to an mput signal transition, and thus the current
flow through T1 and T2 may overlap with current flow
through other transistors 13 to T6 (1f any) but peak flow may
not overlap and thus static peak IR flow would overstate the
voltage drop to be expected in the cell 10. Similarly, the
transistors 11 and T2 are an 1nverting stage. Accordingly, 1T
transistor T1 turns on, transistor T3 will be turning off. Simi-
larly, transistor T2 turns on, transistor T4 will be turning off

By using characterizations of the cell 10 with and without
the power parasitics, the eflect of the power parasitics on
circuit performance may be i1solated and captured. Further-
more, the characterization 1s performed by simulation of the
circuits, and thus the effect of the IR drop caused by the circuit
parasitics may be more accurately captured as the difference
between each timing parameter generated 1n the characteriza-
tion that excludes the power parasitics and the corresponding,
timing parameter generated in the characterization that
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includes the power parasitics. As noted above, because the
characterizations are exhaustive, each timing path may be
evaluated for IR drop efiects.

FIG. 3 1s a flowchart illustrating operation of one embodi-
ment of IR drop measurement on a cell. In embodiment, the
flowchart of FIG. 3 may be implemented 1n a IR drop mea-
surement tool that may be executed on a computer to perform
the operation 1llustrated in FIG. 3. In some cases, a portion of
the flowchart may be implemented in other tools such as a
characterization tool and/or an extraction tool. While the
blocks are shown 1n a particular order for ease of understand-
ing, other orders may be used. The operation shown 1n FIG. 3
1s discussed with respect to one cell for convenience. How-
ever, the operation may be performed over all cell 1n a cell
library. The library may be processed as a whole, or may be
divided into groups which may be processed 1n parallel on
various computers, in some embodiments.

The IR drop measurement tool may characterize the cell 10
without the power parasitics (block 60). Particularly, 1n one
embodiment, the IR drop measurement tool may invoke the
characterization tool to characterize the cell, using a model
that excludes the power parasitics (e.g. FIG. 1). The model
may thus include ideal voltage sources for the V,, and
ground (V ..) wires 14. The signal parasitics may be part of
the model 1n one embodiment, and may have previously been
extracted from the layout of the cell. Alternatively, prior to
characterizing the cell 10, the IR drop measurement tool may
invoke an extraction tool to extract the signal parasitics (not
shown 1n FIG. 3). A set of timing parameters (e.g. including
MinDelay, MaxDelay, etc.) may thus be determined.

The IR drop measurement tool may extract the parasitic
impedances on the power supply grids (power and ground, or
V5 and V) (block 62). Particularly, in one embodiment,
the IR drop measurement tool may mvoke the extraction tool
to extract the power parasitics for the cell from the layout of
the cell. The IR drop measurement tool may create a new cell
model based on the cell model without the power parasitics,
iserting the power parasitics and connecting 1deal voltage
supplies at the points at which the power and ground grids
connect to the respective global grnids (e.g. at the vias 20, 22,
24, 26, 28, 30, 32, and 34 in FIG. 2) (block 64). The newly-
generated model may be similar to the cell 10 1llustrated 1n
FIG. 2.

The IR drop measurement tool may characterize the cell 10
with the power parasitics (block 66). Particularly, 1n one
embodiment, the IR drop measurement tool may invoke the
characterization tool to characterize the cell, using a model
that includes the power parasitics (e.g. FIG. 2). A second set
of timing parameters for each timing path (e.g. including
MinDelay, MaxDelay, etc.) may thus be determined.

The IR drop measurement tool may compare the set of
timing parameters (1.e. comparing each timing parameter in
one set with the corresponding timing parameter in the other
set, such as MaxDelay compared to MaxDelay, MinDelay
compared to MinDelay, etc.) (block 68). The comparison may
include, e.g., subtracting the timing parameter from one set
from the corresponding timing parameter from the other setto
find a difference. If any of the timing parameters have a
difference that exceeds a threshold (e.g. the margin for IR
drop) (decision block 70, “yes” leg), the IR drop measure-
ment tool may identify the cell as requiring improvement
(block 72). The designer may refine the cell, attempting to
improve the power/ground grids. The process of extracting
the power parasitics, creating the new cell model including
the power parasitics, characterizing the new cell model, and
comparing timing parameters may be repeated on the refined

design (blocks 62, 64, 66, 68, and 70). The process may be
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repeated until the timing parameters of the cell with power
parasitics has timing parameters that do not differ from the
timing parameters of the cell without power parasitics by
more than the threshold.

It 1s noted that the threshold may be different for each
timing parameter, 1n some embodiments. Other embodiments
may use the same threshold, or subsets of timing parameters
may have the same threshold. The threshold may be measured
in any desired fashion (e.g. a specified amount of delay, a
percentage of the delays, etc.). Generally, a tool as used above
may be a program, which may include a set of mnstructions
which, when executed on a computer, implement the opera-
tion described for the tool.

Computer Accessible Storage Medium and System

Turning now to FIG. 4, a block diagram of a computer
accessible storage medium 200 1s shown. Generally speak-
ing, a computer accessible storage medium may include any
storage media accessible by a computer during use to provide
instructions and/or data to the computer. For example, a com-
puter accessible storage medium may include storage media

such as magnetic or optical media, e.g., disk ({ixed or remov-
able), tape, CD-ROM, DVD-ROM, CD-R, CD-RW, DVD-R,
DVD-RW, or Blu-Ray. Storage media may further include
volatile or non-volatile memory media such as RAM (e.g.
synchronous dynamic RAM (SDRAM), Rambus DRAM
(RDRAM), static RAM (SRAM), etc.), ROM, or Flash
memory. Storage media may also include non-volatile
memory (e.g. Flash memory) accessible via a peripheral
interface such as the Universal Serial Bus (USB) interface, a
flash memory iterface (FMI), a serial peripheral interface
(SPI), etc. Storage media may include microelectromechani-
cal systems (MEMS), as well as storage media accessible via
a communication medium such as a network and/or a wireless
link.

The computer accessible storage medium 200 1n FIG. 4
may store a characterization tool 202, an IR drop measure-
ment tool 204, an extraction tool 206, and/or one or more cell
models 208. The characterization tool 202 may include
instructions which, when executed on a computer, may be
configured to implement the operation described for the char-
acterization tool above. Similarly, the extraction tool 206 may
include instructions which, when executed on a computer,
may be configured to implement the operation described for
the extraction tool above. The characterization tool 202 and/
or the extraction tool 206 may include any commercially-
available tools from a vaniety of diflerent vendors (e.g. Syn-
opsys, Cadence, etc.). The IR drop measurement tool 204
may include instructions which, when executed on a com-
puter, may be configured to implement the operation
described for the IR drop measurement tool above. For
example, the IR drop measurement tool 204 may include
instructions which, when executed, implement the operation
described above for the IR drop measurement tool with regard
to FIG. 3. The cell models 208 may include any models of the
cell or cells, including circuit models for the cell that include
the power parasitics and that exclude the power parasitics.
The cell models may also include other descriptions of the
cells, including, for example, register transier level (RTL)
descriptions or other hardware description language (HDL)
descriptions, netlists, schematics, and/or general data set 11
(GDSII) data describing mask objects, etc. A carrier medium
may include computer accessible storage media as well as
transmission media such as wired or wireless transmission.

FI1G. 5 1s a block diagram of one embodiment of an exem-
plary computer system 210. In the embodiment of FIG. 5, the
computer system 210 includes a processor 212, a memory
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214, and various peripheral devices 216. The processor 212 1s
coupled to the memory 214 and the peripheral devices 216.
The processor 212 1s configured to execute 1nstructions,
including the mstructions in the software described herein
such as the tools 202, 204, and 206. In various embodiments,
the processor 212 may implement any desired 1nstruction set

(e.g. Intel Architecture-32 (1A-32, also known as x86), IA-32
with 64 bit extensions, x86-64, PowerPC, Sparc, MIPS,
ARM, TIA-64, etc.). In some embodiments, the computer sys-
tem 210 may include more than one processor.

The processor 212 may be coupled to the memory 214 and
the peripheral devices 216 1n any desired fashion. For
example, 1n some embodiments, the processor 212 may be
coupled to the memory 214 and/or the peripheral devices 216
via various interconnect. Alternatively or 1n addition, one or
more bridge chips may be used to coupled the processor 212,
the memory 214, and the peripheral devices 216.

The memory 214 may comprise any type of memory sys-
tem. For example, the memory 214 may comprise DRAM,
and more particularly double data rate (DDR) SDRAM,
RDRAM, etc. A memory controller may be included to inter-
face to the memory 214, and/or the processor 212 may
include a memory controller. The memory 214 may store the
istructions to be executed by the processor 212 during use,
data to be operated upon by the processor 212 during use, etc.

Peripheral devices 216 may represent any sort of hardware
devices that may be included 1n the computer system 210 or
coupled thereto (e.g. storage devices, optionally imncluding a
computer accessible storage medium 200, other input/output
(I/0) devices such as video hardware, audio hardware, user
interface devices, networking hardware, etc.).

Numerous variations and modifications will become
apparent to those skilled in the art once the above disclosure
1s Tully appreciated. It 1s intended that the following claims be
interpreted to embrace all such variations and modifications.

What 1s claimed 1s:

1. A method comprising:

performing timing analysis on a circuit including a stan-
dard cell using timing parameters that include a margin
budgeted for a voltage drop 1n the cell;

extracting, on a computer, parasitic impedances for power
and ground connections in the cell;

characterizing, on the computer, the cell with the parasitic
impedances;

comparing, on the computer, timing of the cell with the
parasitic impedances to timing of the cell without the
parasitic impedances; and

identilying, on the computer, the cell for power and ground
connection refinement responsive to detecting timing
differences that exceed a threshold in the comparing,
and wherein the threshold 1s based on an amount of
timing 1mpact budgeted as the margin for the voltage
drop 1n the cell.

2. The method as recited 1n claim 1 further comprising:

extracting parasitic impedances for signal connections
within the cell; and

characterizing the cell without the parasitic impedances on
the power and ground connections but with the parasitic
impedances on the signal connections to determine tim-
ing ol the cell without the parasitic impedances on the
power and ground connections.

3. The method as recited in claim 1 further comprising;:

moditying a design of the cell; and

repeating the extracting, the characterizing, and the com-
paring on the modified design.
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4. The method as recited in claim 3 further comprising
determining that the cell does not require power and ground
connection refinement during the repeating.

5. A non-transitory computer accessible storage medium
storing a plurality of instructions which, when executed:

determine one or more first timing parameters for a cell,

including effects of parasitic impedances on a power
supply grid within the cell;

determine one or more second timing parameters for the

cell, excluding effects of parasitic impedances on the
power supply grid;

compare the one or more first timing parameters to the one

or more second timing parameters;

perform timing analysis on a circuit including the cell

using third timing parameters that include a margin for a
voltage drop 1n the cell; and

determine whether or not the cell requires refinement

responsive to a result of the compare, wherein the cell
requires refinement 11 a difference between at least one
of the first timing parameters and a corresponding one of
the second timing parameters exceeds the margin 1n a
corresponding one of the third timing parameters that is
budgeted for the voltage drop 1n the cell.

6. The non-transitory computer accessible storage medium
as recited in claim 5 wherein the predetermined amount 1s
derived from an assumed impact of a voltage drop due to
parasitic impedances on the power supply grid.

7. The non-transitory computer accessible storage medium
as recited 1n claim 5 wherein the parasitic impedances include
resistance 1n the conductors that form the power grid.

8. The non-transitory computer accessible storage medium
as recited in claim 7 wherein the parasitic impedances include
capacitance on the conductors.

9. The non-transitory computer accessible storage medium
as recited 1n claim 5 wherein the one or more timing param-
cters include a maximum delay through the cell.

10. The non-transitory computer accessible storage
medium as recited 1n claim 9 wherein the one or more timing,
parameters further include a minimum delay through the cell.

11. The non-transitory computer accessible storage
medium as recited 1n claim 5 wherein the 1nstructions which,
when executed, determine one or more first timing param-
eters for a cell comprise instructions which, when executed:

characterize the cell over a plurality of circuit simulations

of the cell with the parasitic impedances, the plurality of
simulations applying a set of stimulus vectors to the cell
and varying conditions of the cell.

12. The non-transitory computer accessible storage
medium as recited in claim 11 wherein the conditions com-
prise temperature and supply voltage variations.

13. A computer system comprising:

at least one processor configured to execute instructions;

and

a non-transitory computer accessible storage medium

coupled to the at least one processor, the computer
accessible medium storing;:
a characterization tool;
an extraction tool; and
a program which, when executed by the at least one
Processor:
invokes the characterization tool to characterize a plu-
rality of cells with an 1deal power supply;
invokes the extraction tool to extract power parasitic
impedances from the plurality of cells;
invokes the characterization tool to characterize a plu-
rality of cells including the power parasitic imped-
ances; and
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identifies which of the plurality of cells are to be
refined responsive to differences 1n one or more
timing parameters generated by the characteriza-
tion tool using the i1deal power supply and with the
power parasitic impedances, wherein which of the
plurality of cells are to be refined are those for
which the differences in the one or more timing
parameters exceed a predetermined margin used
for timing 1mpacts of a voltage drop in the cell,
wherein the predetermined margin 1s applied to
second timing parameters used for performing tim-
ing analysis on a circuit that includes the cell.

14. The computer system as recited in claim 13 wherein the
one or more timing parameters comprise one or more delays
from cell 1nputs to cell outputs.

15. The computer system as recited in claim 13 wherein the
characterization tool and the extraction tool are executed on
the at least one processor.

16. The computer system as recited in claim 13 wherein the
program, when executed by the processor, creates a model of
cach of the plurality of cells for the characterization tool,
wherein the model includes the power parasitic impedances
and further includes ideal voltage sources connected to a
power grid within the cell at points at which the power grid
within the cell 1s connected to a global power grid for an
integrated circuit including the cell.

17. A method comprising;:

simulating, on a computer, a first model of a circuit,
wherein the first model includes parasitic impedances on
signal connections and an 1deal power supply;

determining, on the computer, a {irst set of delays through
the circuit responsive to simulating the first model;

extracting, on the computer, power parasitic impedances;

simulating, on the computer, a second model of the circuit,
wherein the second model includes the power parasitic
impedances and connections to 1deal power supplies at
points on a power grid corresponding to the circuit at
which the circuit 1s coupled to a global power supply
orid of an integrated circuit;

determiming, on the computer, a second set of delays
through the circuit responsive to stmulating the second
model;

comparing, on the computer, the first set of delays and the
second set of delays; and

identifying the circuit for additional design work respon-
stve to the comparing wherein the 1dentifying 1s per-
formed responsive to a difference between a first delay in
the first set and the second set exceeding a threshold, and
wherein the threshold 1s based on a margin added to the
delay for voltage drop on the power supply grid, wherein
the margin 1s applied to a third set of delays used for
timing analysis of another circuit that includes the cir-
cuit.

18. The method as recited 1n claim 17 further comprising
generating the second model, the generating including insert-
ing the power parasitic impedances 1nto the first model.

19. A non-transitory computer accessible storage medium
storing;:

a first cell model corresponding to a first cell, the first cell

model excluding power parasitic impedances;

a second cell model corresponding to the first cell, the
second cell model including power parasitic impedances
extracted from a layout of the first cell;

a plurality of instructions which, when executed:
determine a first delay through the first cell responsive to

the first cell model:
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determine a second delay through the first cell respon-
sive to the second cell model;
determine that the second delay exceeds the first delay
by an amount that 1s greater than a second amount
budgeted for an effect of the power parasitic imped-
ances, wherein the second amount 1s applied to a thard
delay used for timing analysis of a circuit that
includes the first cell; and
identity the first cell for modification of a power grid
associated with the first cell responsive to determin-
ing that the second delay exceeds the first delay by the
amount that 1s greater than the second amount.
20. The non-transitory computer accessible storage
medium as recited 1n claim 19 further storing an extraction
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tool which, when executed, extract the power parasitic 15

impedances.
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